1
NIH, Bethesda, MD, USA, 2 Kansas State University, Manhattan, KS, USA. In the mammalian central nervous system, excitatory amino acid transporters (EAATs) are responsible for the clearance of glutamate after synaptic release. They complete this task through a secondary active transport mechanism, which is critical to maintain extracellular glutamate under neurotoxic levels. In addition, EAATs operate as substrate-gated anion channels, function that has been proposed to influence cellular excitability. Although these two mechanisms are known to be thermodynamically uncoupled, there is evidence of conformational changes involved in anion channel gating being tightly coupled to transitions within the transport cycle. We have recently identified a conserved positively charged residue (R388, hEAAT1) in transmembrane domain 7 (TM7), which seems to be a crucial player for such a coupling. Substituting R388 with a negatively charged amino acid drives the protein into a constitutive open channel state, while at the same time limits the transport cycle. We here combine electrophysiological recordings and molecular dynamic simulations aiming to better understand the mechanism that controls the switch between transport mode and channel mode. As a first step, we have built a homology model of the mammalian isoform EAAT1 using the crystal structure of the archaeal orthologue GltPh as a template. Then using atomistic molecular simulations, we have identified residues in TM2, TM5 and the hairpin loop 1 (HP1) which may be coordinating the anion channel gating mechanism. Moreover, our preliminary results show that mutating E377 (HP1) to a positively charged residue, similar to R388D/E, yields a large anion conductance and a significantly reduced transport activity (less than 1%). Our data provide additional insights into the mechanism by which substrate gate the EAATassociated anion conductance and suggest that intramolecular interactions between R388 and nearby residues are a crucial piece of the gating mechanism in EAAT-associated anion channels. RIKEN, Yokohama, Japan, 6 Teikyo University, Tokyo, Japan. Glucose Transporters (GLUTs) are mammalian uniporters that catalyze the facilitated-diffusion of monosaccharides across cell membranes. Altered expression and activity of GLUTs have been linked to metabolic disorders such as type 2 diabetes and obesity, and GLUTs are upregulated in cancers to satisfy the high-energy demand of proliferating tumor cells. Using Saccharomyces cerivisiae as an expression host and fluorescence-based methods, we found GLUT5 orthologues suitable for biochemical and structural studies. Binding and transport experiments show that GLUT5 is a dedicated D-fructose transporter. Furthermore, we determined structures of rat and bovine GLUT5 in open-outward (~3.4Å ) and open-inward (data up to 3.2Å ) conformations, respectively. Like the human glucose transporter GLUT1 and the homologous E. coli proton-coupled xylose transporter XylE, GLUT5 shows the typical Major Facilitator Superfamily fold, consisting of two bundles of six transmembrane helices, with additional helices forming a cytoplasmic soluble domain. The substrate-binding site of GLUT5 site is highly similar to those observed in recent structures of hGLUT1 and EcXylE. However, there are significant differences. For instance, the binding site cavity is larger in GLUT5, because the equivalent of a tryptophan residue lining the bottom of the cavity in hGLUT1 and EcXylE is an alanine in GLUT5. Moreover, we identified a single point mutation that switches the substrate preference of GLUT5 to Dglucose. Furthermore, GLUT5 structures reveal novel insights into the transport mechanism of GLUTs and homologues. In addition to classic rockerswitch type reorientations of the N-and C-terminal bundles, there are local structural changes occurring predominantly in the C-terminal bundle, with half of TM7 acting as an outside substrate-coupled gate and half of TM10 gating on the inside. Moreover, gating by TM10 is coupled to the formation and breakage of conserved salt-bridges between the cytoplasmic ends of the bundles. Membrane transport proteins cycle through several conformations during turnover, and each transporter may favor a different resting state, which generates complexity in defining a mechanism for an individual permease. Camelid nanobodies (Nbs) raised against the outward-open conformer of a double-Trp mutant of the lactose permease of Escherichia coli (G64W/G262W LacY) have been shown to effectively stabilize LacY in various outward-open conformations. Isothermal titration calorimetry is applied herein to dissect the binding thermodynamics of two specific Nbs to WT LacY or the double-Trp mutant. The findings show that entropy is the primary driving force for Nb binding to WT LacY, particularly in the absence of galactoside; in contrast, the binding to the double-Trp mutant is driven by enthalpy at a high entropic cost. Thermodynamic cycle analysis indicates that a favorable entropic contribution to binding of either Nb or sugar reflects conformational transitions associated with ligand binding, and that binding of the Nb and galactoside to LacY exhibits positive cooperativity. Entropy can serve as a thermodynamic signature for protein conformational transitions. Boron is an essential micronutrient for plants and animals. Transport of boron regulates uptake and protects against high levels of boron in plants and yeast. The yeast boron transporter Bor1p belongs to the SLC4 Anion Exchanger family of transporters that also includes the human chloride/bicarbonate exchanger. We have overexpressed and purified the Bor1p orthologue from Saccharomyces mikatae using Saccharomyces cerevisiae as a host. Helical crystals were produced by reconstituting the transporter together with cardiolipin and electron micrographs of frozen-hydrated tubes were recorded with a field emission gun at 200 kV using a direct electron detector. Crystals adopted two different helical symmetries from which two independent reconstructions were produced from 75 particles at a resolution of~7 A using a Fourier-Bessel approach. In order to interpret the dimeric densities revealed by the reconstructions, we built a homology model for Bor1p based on the crystal structure of the uracil transporter (UraA), which is the closest relative to Anion Exchangers within the APC superfamily of transporters. Initial homology models were produced from 10 alternative alignments of these distantly related proteins. The alignments were refined by mapping sequence conservation onto these 3D structures. The best model was then fitted to the cryo-EM map by adjusting the position of individual helices and the resulting structure was equilibrated in a lipid bilayer for 200 ns using molecular dynamics. The resulting structure suggests conformational changes relative to UraA in which helices at the dimer interface are tilted relative to the transporter domain, thus providing access to the substrate binding site from the extracellular side of the membrane. Comparison of our Bor1p structure with that from UraA are likely to reflect the structural changes that accompany the alternating access mechanism employed by this family of transporters.
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Expression, Purification and Functional Characterization of Human Proton-Coupled Folate Transporter (SLC46A1) Swapneeta Date 1,2 , Mariana Fiori 1,2 , Narong Sok 1,2 , Ina Urbatsch 1,2 , Michaela Jansen 1,2 . 1 Cell Physiology and Molecular Biophysics, Texas Tech University Health Sciences Center, Lubbock, TX, USA, 2 Center for Membrane Protein Research, Lubbock, TX, USA. Folate cofactors play important roles in hundreds of metabolic reactions in a cell such as synthesis of protein and DNA precursors. The human protoncoupled folate transporter (PCFT) is the only means for absorption of dietary folates. PCFT also transports anti-cancer agents such as Pemetrexed and Methotrexate. Inadequate supply of folates and impaired PCFT function is associated with many disorders such as cancer, hereditary folate malabsorption, hypercysteinemia, heart diseases, obesity, anemia, neural tube defects and Alzheimer's disease. It is therefore important to study structural and functional characteristics of PCFT, to understand folate-homeostasis mechanisms and to develop better folate-based therapies. The primary requirement in structural and functional characterization of mammalian membrane proteins such as PCFT is the availability of good expression systems and methods to obtain large quantities of purified protein. To address this primary concern, we are establishing an efficient system to over-express PCFT and developing methods to obtain purified PCFT in good yields. We have expressed human PCFT in insect, yeast, and bacterial cells. We have successfully purified PCFT to homogeneity. Importantly, we also demonstrate that the heterologously-expressed PCFT is functional. Our findings are significant because 12-transmembrane helical, mammalian membrane proteins such as PCFT are notoriously difficult to express in versatile prokaryotic and single-celled eukaryotic systems. Furthermore, due to their predominant hydrophobic character and requirement of detergent and/or lipid environment for their stability, such membrane proteins are difficult to purify. Each of the three PCFT expression systems that we have developed offers unique advantages over another depending on the intended use of PCFT. Our findings will be significant for the advancement of knowledge concerning both the structure and function of PCFT through basic science research as well as for industrial applications including design and screening of PCFT-targeted agents.
697-Pos Board B477 Molecular Cloning and Functional Characterization of a Glucose Transporter (CsGLUT) in Clonorchis Sinensis
Seong Kyu Ahn, Ho-jong Jun, Bomin Seol, Seok Ho Cha. parasitology, Inha university, Incheon, Korea, Republic of. A cDNA encoding a glucose transporter of Clonorchis sinensis (CsGLUT) was isolated from adult C. sinensis cDNA library. The open reading frame of CsGLUT cDNA consists of 1,653 base pairs that encodes a 550-amino acid residue protein. Hydropathy analysis suggested that CsGLUT possess 12 putative membranespanning domains. The Northern blot analysis result using poly(A)þ RNA showed a strong band at~2.1 kb for CsGLUT. When expressed in Xenopus oocytes, CsGLUT mediated transport of radiolabeled deoxy-D-glucose in a time-dependent but sodiumindependent manner. Concentration-dependency results showed saturable kinetics and followed Michaelis-Menten equation. Nonlinear regression analyses yielded a Km value of 588.5 5 53.0 mM and a Vmax value of 1,500.0 5 67.5 pmol/oocyte/30 min for [1,2-3H]2-deoxy-D-glucose. No trans-uptakes of bile acid (taurocholic acid), amino acids (tryptophan and arginine), or p-aminohippuric acid were observed. CsGLUTmediated transport of deoxyglucose was significantly and concentrationdependently inhibited by radio unlabeled deoxyglucose and D-glucose. 3-O-methylglucose at 10 mM and 100 mM inhibited deoxyglucose uptake bỹ 50% without concentration dependence. No inhibitory effects were observed by galactose, mannose and fructose. This work may contribute to the molecular biological study of carbohydrate metabolism and new drug development of Clonorchis sinensis.
698-Pos Board B478
An Optogenetic Approach to Dynamically Study Membrane Confinement of Prestin Jing Guo, Karl Gerhardt, Esther Lee, Jeffrey Tabor, Robert Raphael. Department of Bioengineering, Rice University, Houston, TX, USA. The membrane protein prestin plays a central role in the mammalian auditory system by enabling outer hair cells in the cochlea to actively respond to electrical signals. Prestin belongs to the SLC26A family of membrane proteins, which all have a large cytosolic terminus containing a conserved region known as the STAS domain (Sulfate Transporters and Anti-Sigma factor antagonist), whose function remains unknown. We hypothesize that molecular interactions of the STAS domain are responsible for confining the lateral mobility of prestin. To test this hypothesis, we designed prestin constructs inserted with a Tobacco Etch Virus (TEV) protease recognition linker (tevS) into different sites, including the interface between the last transmembrane domain and the STAS domain, the disordered region from 563aa to 637aa, and after the STAS domain, and then tested for membrane expression and prestin function. We subsequently employed a PhyB-PIF6 dimerization system and a split-TEV strategy to regulate TEV protease activity via exposure to red and far red light. We found that the interface between the last transmembrane domain and cytoplasmic C-terminus is critical for molecular interactions and for prestin's functionality. We also inserted tevS between amino acids 596/597 and 620/621 in prestin; these modifications retained wild type membrane expression and function, and both constructs were successfully cleaved by the TEV protease. However, the 596/597 cleaved C-terminal tail localized near the membrane, whereas the 620/621 cleaved tail diffused into the cytosol, therefore suggesting the presence of a potential binding site between amino acids 597 and 620 in prestin. This work demonstrates the advantages of employing optogenetic approaches to dynamically study the role of the STAS domain in prestin's function and membrane organization.
699-Pos Board B479
Role of Counterions in Acidification in Mouse Liver Lysosomes Anowarul Amin, Mary Weston, Joseph A. Mindell. Membrane Transport Biophysics Unit, National Institute of Neurological Disorders and Stroke, National Institute of Health, Bethesda, MD, USA. The lysosome is a membrane-bound compartment that digests macromolecules and cellular debris. To function properly, lysosomes must maintain an acidic environment (pH 4.5-5.0), generated by the proton-pumping action of a v-type H þ ATPase. However, since the ATPase is highly electrogenic, the voltage generated by its action must be dissipated by another ion movement, known as the 'counterion pathway.' The mechanism of counterion movement is controversial, with proposals that it involves Clions entering the lysosome or cations exiting. The ClC-7 Cl -/H þ antiporter, aCLC gene family member which is the primary pathway for Clmovement across the membranes of rat liver lysosomes, has been proposed as an important contributor to the counterion pathway. However, several studies suggested that lysosomal pH is unaffected in cultured cells from ClC-7 knockout mice, hinting that other ion conductances contribute to the counterion pathway. Here, we sought to comprehensively analyze the role of ClC-7 and the Clmovement it mediates in a single well-characterized system: liver lysosomes isolated from mice with tissue specific knockouts of the transporter. We loaded lysosomes with the pH-sensitive fluorescent probe FITC-dextran by intraperitoneal injection of mice, then isolated lysosomes or liver cells for further characterization. Acidification in mouse liver lysosomes is strongly dependent on the presence of Clin the bathing buffer, and is minimally affected by varying buffer concentrations of K þ , suggesting that Clindeed serves as the counterion. As expected, knocking out the ClC-7 gene in these cells abolishes the previously described H þ -coupled Cltransport. Lysosomes from the knockout mouse liver are strongly reduced in ATP-driven acidification, consistent with ClC-7 acting as the primary counterion pathway in this system.
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Na D -H D Antiporter in the Somata of Dorsal Root Ganglion Neurons É rika Y. Taniguchi, Antonio C. Cassola. Physiology and Biophysics, Sao Paulo University, São Paulo, Brazil. Introduction: Neurons in ganglia of medullary dorsal root (DRG) convey sensitive information from the body to the central nervous system. Neuronal soma 138a Sunday, February 28, 2016
